Abstract-A specific LDPC check matrix structure is used to form multi-channel alternative signal to solve the problem that traditional block codes inhibiting PAPR scheme is not suitable for a large number of sub-carriers and LDPC code is applied to the field of optimization of peak-to-average ratio. A rapid construction method of LDPC check matrix and fast encoding process using matrix are analyzed in detail. Simulation results show that performance of LDPC code is better than Turbo code on the PAPR suppression. In addition, quasi-cyclic LDPC code has a slight advantage on PAPR reduction compared with quasi-cyclic LDPC code, but the proposed method has lower computational complexity.
INTRODUCTION
Orthogonal Frequency Division Multiplexing has been popular with a number of applications including digital audio broadcasting, terrestrial digital video broadcasting, IEEE 802.11a standard for wireless local area networks, the next wireless local area networks IEEE 802.16e standard and mobile communication system such as TD-SCDMA, because of its high bandwidth efficiency and robustness to multi-path fading [1] .
When the sub-symbols for each sub-carrier are added up coherently, high peaks of an OFDM signal occur. So OFDM signals can cause serious problems including a severe power penalty at the transmitter which is particularly not affordable in portable wireless systems. Several algorithms for reduction of PAPR have been proposed in recent years. Clipping [2] [3] [4] is the simplest method, but it degrades the bit-error-rate of the system, and results in out-of-band noise and in-band distortion. Coding can offer the best PAPR reduction, the associated complexity and data rate reduction limits the application of coding. Although selected mapping technique [5] [6] modifies the phases of the original information symbols in each OFDM block and selects the phase-modified OFDM block with the best PAPR performance for transmission, the requirement of multiple IFFT operations increases implementation complexity.
In tone reservation algorithm, several sub-carriers are put apart for PAPR [7] reduction and in tone injection algorithm [8] , constellation points of part sub-carriers are modified to make PAPR reduced at the cost of an increase in transmit power. By modifying the exterior modulation constellation over active sub-carriers and not degrading the BER performance, PAPR reduction is achieved which is called active set extension [9] [10] . The sub-symbols for each sub-carrier are represented by two symmetric constellation points and an optimal representation has been derived by using a derandomization algorithm called symmetric constellation extension algorithm [11] . In constellation extension method, the data for each sub-carrier can be represented by a point in the original constellation or by an extension point [12] . By selecting an optimal representation of the data points, PAPR reduction is obtained. By modifying the modulation constellation or constellation extension, these algorithms require an increase in the transmit power and computation complexity at the transmitter.
Partial transmit sequence [13] is a kind of undistorted technique based on combining signal sub-blocks which are phase-shifted by constant phase factors. Although PTS technique can obtain sufficient PAPR reduction and side information need to be sent at the same time, the exhaustive search complexity of the optimal phase combination increases with the number of sub-blocks exponentially. A lot of suboptimal PTS methods have been developed. Computational complexity of iterative flipping algorithm for PTS [14] is linearly proportional to the number of sub-blocks. A neighborhood search is proposed [15] based on gradient descent search. A suboptimal method [16] is worked out by modifying the problem into an equivalent problem of minimizing the sum of phase-rotated vectors. Also intelligence algorithm is proposed such as simulated annealing method [17] , ABC algorithm [25] [26], suboptimal PTS algorithm based on particle swarm optimization [18] [19] and intelligent genetic algorithm for PAPR reduction [20] [21] .
LDPC code is found in half a century ago, due to its excellent error correcting performance and highly parallel decoding algorithm, LDPC code has received great attention of communication industry. In 2003 LDPC code beat six alternative Turbo code as the second generation of satellite digital television error correcting code, and now it becomes error correcting code of the next generation of digital terrestrial television standard. As is known to us all, traditional encoder and decoder design firstly construct a kind of code which can optimize error correction performance, and then implement encoder and decoder of the coder. Accordingly, the joint coding design has become the key of most recent research work. However, there still has two problems unsolved. Firstly we still don't know how to reduce the complexity of the LDPC code and effective structure of large scale integrated circuit design. Secondly given the desired node degree distribution, system method has not been proposed to construct this code and implement it on the hardware. Now actual conditions mostly rely on some practical experience and skills. To solve the two problems above, here we proposed a joint coding algorithm for irregular LDPC codes.
In the next section, we introduce principle of proposed algorithm. In Section 3 we implement a new LDPC encoding. In Section 4, In order to check effectiveness of different methods, we do experiments. In Section 5 we conclude the paper and give some remarks. Transmitter architecture of the proposed algorithm for MIMO-OFDM system is shown in Fig. 1 . Multi-carrier signal is composed of multiple linear modulation sub-channels. Each QAM symbol or PSK symbol is modulated by subcarrier. In order to eliminate multi-path interference, there exists cyclic prefix in OFDM symbol. In MIMO-OFDM system OFDM symbols obtained by serial to parallel is implemented through IFFT calculation. The symbols implement sign extension by linear coding technique in time domain to reduce PAPR, which is transmitted through multiple antennas. Multi-input multi-output (MIMO) encoder is STBC encoder, which can help to launch multiple replication signals of data flow through the antennas. Space-time coding module can achieve transmission diversity and only STBC can obtain full diversity without sacrificing efficiency of data and is particularly suitable to complex modulation symbols. When N number of signals with the same phase add up to produce OFDM symbol at the stage of IFFT, peak power equal to N times of average power can produce. Thus definition of PAPR can be expressed as (1). 
peak P is the maximum power of OFDM symbol and avg P is average power. So PAPR can be expressed as (2).
T is symbol period and () xt is instantaneous value of OFDM symbol at time t , which is expressed as (3).
0 t NT  . n X is modulation data of the n-th subcarrier and 0 1/ fT  is nominal sub-carrier frequency. Thus average power of OFDM symbol is 1 . 
k a is amplitude of modulation data. For simplicity BPSK modulation without channel encoding is adopted and 1
tT  , corresponding part of (7) can be deleted and (8) is produced.
From (8), we can see that average power is equal to the number of sub-carrier modulated by BPSK. From (1), we can see PAPR of un-modulated BPSK is 10 10log ( ) avg P dB . So if average power of OFDM signal decreases, PAPR will decrease. After IFFT, OFDM symbol is extended periodically and PAPR suppression is implemented through multiple links, each OFDM symbol reduces PAPR by means of proposed method. Multiple alternative signal of OFDM symbol is generated through linear encoding technology and a packet which has the lowest PAPR is used to the next step transmission. In the first stage, starting from whether PAPR excessive of OFDM symbols produced by IFFT excessive, threshold value of PAPR is determined by the application itself and based on the mobile communication application the threshold is set to 10dB. If PAPR is set within threshold, I number of encoding symbols produced by STBC encoder is transmitted by I number of antennas. If PAPR is more than the predefined threshold, firstly protection intervals of symbols are removed, and then passes the LDPC encoding module. LDPC is a kind of linear encoding technology, which can increase symbol period in time domain. Related symbol period will extent to I times of the original symbol based on the selected extension rate and I is extension rate here. At the second stage, OFDM symbols extended by LDPC encoding are separated to I number of parallel blocks and every block has the same period equal to period of original symbol. Calculate PAR value of each block. Because of symbol extended by linear encoding technology, perhaps one PAPR of these blocks is less than threshold value. Choose data with minimum PAPR and transmit chosen OFDM symbols. In the proposed scheme, we will adding zero of cyclic prefix is modified by filling control sequence, which can let the receiver know whether symbols for PAPR overweight and adjusted to recover the adjusted data at the receiving end. After increasing control sequence to form complete symbols, these new symbols will be sent by I antennas. Total number of transmitting antennas depends on the value of I and Alamouti space-time code type. For example, if you use 2x2, with 2 times extension rate of Alamouti STBC, so the total antenna number is 4. Compared with the traditional technology, this proposed technology in order to solve the problem of PAPR, increases the level of complexity of the MIMO-OFDM systems. Increased complexity results from calculating each PAPR and choosing the lowest value. Calculation of iteration times is shown in (9).
( 1)
1. Iterationtime I N     (9) I is extension rate and N is the points of IFFT.
III. IMPLEMENTATION OF LDPC ENCODING
Inspired by the rule of thumb to construct LDPC codes, we propose a heuristic algorithm to construct the code. In order to get good coding performance in the design of the LDPC codes we need to observe the following design features. Firstly since the performance increases as the code length increases, the code must be long enough. Secondly small ring in the bipartite graph of the code should be small, because too many small rings seriously reduce the error correction performance. Finally use LDPC code with irregular node degree distribution carefully, although its performance is superior to the regular distribution LDPC code.
As can be seen, once the parity check matrix become into an upper triangular matrix, can the encoding complexity be significantly reduced through the use of rules based on the reverse replacement operation. Additionally although the parity check matrix is nearly upper triangular matrix, reverse replacement operation is also highly reusable. In order to achieve such replacement, near upper triangular parity check matrix has a form of Fig. 3 Most recently proposed LDPC decoder design with the same characteristics is that the parity check matrix is a matrix of block structure, which can be divided into a series of square matrix. It is either cyclic shift of a unit matrix or a zero matrix. The block structure of parity check matrix can be directly used to effective hardware implementation of the decoder.
To achieve effective encoder implement, LDPC code applied to the present scheme for PAPR reduction has matrix of block architecture. When constructing good LDPC code, there are two main limitations including upper triangular form with small possible gap g and block structure of the matrix characteristic. From observation to lift these constraints, we find that for irregular LDPC codes, variable having a high number of nodes converge faster than those with a low number of nodes. Using a finite number of iterations decoding, not all small ring in the two coding diagram is harmful. In other words, the small rings through lower degree variable nodes reduce more serious than other small ring. Therefore, we need to prevent the small ring through too many low degree variable nodes. Z is zero matrix and other blocks are initialized to empty block. According to weight distribution of matrix ranks, two different weight distribution set can be produced which are 12 { , , , } 
Starting from 1 j  , j a of the j-th block column is replaced by right cyclic shift matrix of . j a .. The process is as follows.
Step 1.
ij
H is replaced by right loop bb  unit matrix of random shift value.
Step 2. If degree of the minimum ring is smaller than initial ring degree, replacement stops and repeats the first step. All variable nodes of a ring, sum of degree is defined as degree of the ring. Node degree distribution corresponds to weight distribution of the row and column of the parity check matrix, therefore it is necessary to make the degree of inevitable small ring as large as possible.
Step The left blank blocks is replaced by zero matrix subsequently and produce output matrix.
Generation effect of inverse permutation matrix is better, and design of encoder is completed by using structure feature of coding parity check matrix. According to Fig. 4 , parity check matrix can be written as combination of a upper triangular matrix and the other sparse matrix, which is shown in (12) .
Here
C is a upper triangle matrix of 11
S of the length of 21 pp  is decomposed to redundant parity check vector 1 R and 2 R of the length of g and 1 pg  , which form code word 1 1 2 [ , , ] S R R . Check information 1 R is obtained by (13) and check information 2 R is obtained by (14) .
From the previous analysis, the overall computational complexity is much smaller than the encoding based on generator matrix. This is because all the multiplication is between sparse matrix and vector. For example, determine complexity of 1 R . Because A is sparse, the complexity of . When Turbo code is replaced by LDPC, PAPR value steps down to 7.05. Also it can be observed in Fig. 6 that using Turbo code reduces PAPR value from 10.49 to 7.55 at the threshold of 3 10 CCDF   . When Turbo code is replaced by LDPC, PAPR value steps down to 6.64. From Fig. 7 , we can see that using Turbo code reduces PAPR value from 10.41 to 6.51 at the threshold of . When Turbo code is replaced by LDPC, PAPR value steps down to 4.78. As the coding rate is reduced, the redundant information increases and the alternative signal increases, which can further reduce the PAPR. It was described in the literature that there are some other types of LDPC codes. Especially the quasicyclic LPDC has attracted much attention recently and here we also compare PAPR suppression performance of using LDPC coding scheme and using quasi-cyclic LDPC code. Performance comparison of LDPC and QC-LDPC under 64QAM is shown in Fig. 9 and coding rate is 1/3. We can see that CCDF curves roughly coincide, so two kinds of LDPC codes providing PAPR suppression ratio is roughly the same. At the threshold of 3 10 CCDF   , performance of proposed algorithm is 4.77dB and performance of QC-LDPC algorithm is 4.67dB. This is because the redundant information of the proposed LDPC encoding is similar with that of QC-LDPC.
V. CONCLUSIONS
On block coding methods, we proposed an optimizing method using LDPC code for PAPR reduction of OFDM signal, which can improve the PAPR and BER performance of the multiple-input multiple-output OFDM system. The performance of the OFDM system could be improved by using low-density parity-check codes as an alternative to turbo and RS coding in mitigating the PAPR problems which had been used in previous works. In this paper, LDPC codes was introduced into the area of PAR suppression, we proposed an efficient construction method of check matrix H which could reduce the LDPC coding complexity. In addition, the implementation scheme of MIMO-OFDM system by using LDPC to reduce the PAPR was proposed to successfully resolve the problem that linear block codes could not be used for PAPR suppression in the OFDM system with large number of carriers.
